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The various decay modes of the type B — > 7 D* are dynamically different. In 
general there are factorizable contributions, and there are pole diagrams and pseu- 
doscalar exchange contributions at meson level. The purpose of this paper is to 
point out that the decay modes B® s — > jD*° have negligible contributions from 
such mechanisms, in contrast to the decay modes B% — * 7D* and B~~ — * 7!)*^. 



However, for the decay modes B® s — > 7Z)* there are non-factorizable contributions 
due to emision of soft gluons, and such non-factorizable contributions are found to 
dominate the amplitudes for these latter decay modes. 
■ We estimate the branching ratio for these modes in the heavy quark limits, both 

\Q . for the b- and the c- quarks, and obtain a value ~ 1.6 x 1CP 6 for B% — > jD*°, 



o 

a: 

GeV. However, we expect that our estimate for B^ s — > 7D* gives the right order 



and ~ 8 x 10 for — > 7D* . We expect large corrections to this limit because 
the energy gap between the b- and c- quark masses are significantly bigger than 1 



of magnitude for the amplitudes. 
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I. INTRODUCTION 

There is presently great interest in decays of B-mesons, due to numerous experimental 
results coming from BaBar and Belle. Later LHC will provide data for such processes. B- 
decays of the type B — > ttti and B —>■ Kit, where the energy release is big compared to the 
light meson masses, has been treated within QCD factorization and soft collinear effective 
theory (SCET) In these cases the amplitudes factorize into products of two matrix 
elements of weak currents in the high energy limit, and non-factorizable corrections of order 
a s can be calculated perturbatively. 

The decays B — > tttt, Ktt are typical heavy to light decays. It was pointed out in previous 
papers [3] that for various decays of the type B — > DD, which are of heavy to heavy type, the 
methods of [l| are not expected to hold because the energy release is of order 1 GeV. (Here 
B, D, and D contain a heavy b, c, and anti-c quark respectively). In this paper we consider 
decay modes of the type B — ► j D*. Such modes have been studied in the literature P, |^ 
for some time. We restrict ourselves to processes where the 6-quark decays. This means the 
quark level processes bq — *> 'ycu, bq — > ^yuc, and bu — > ^ycq, where q = d or q = s. Processes 
where the anti- 6-quark decays proceed analogously. 

Formally, decays of the type B — > 7 D is a heavyto heavy transition in the heavy quark 
limits (l/m&) — > and (l/m c ) — > 0, and in ref. the decay of a charged 5-meson was 
studied within heavy quark effective theory (HQEFT) and heavy light chiral perturbation 
theory (HLxPT) [6J. This framework was also used to study the Isgur-Wise function for the 
B — » D transition currents, which is also a heavy to heavy transition where chiral loops 
(in terms of HL%PT) and l/m& )C corrections (in terms of HQEFT) have been added \f\. 
In the present paper we will also stick to this framework, although it is not expected to 
hold for precise numerical estimates because the enery gap between the b- and the c-scale is 
substantial, namely about three times the chiral symmetry breaking scale. 

First, decay modes of the type B — > 7 D* might have substantial factorizable contribu- 
tions, of pole or non-pole type. These pole diagrams are present only for radiation from 
charged B- or D-mesons. Second, there are also meson exchange contributions. These will 
be chiral loop contributions in the HQEFT limits (for the b and c-quarks). Such meson ex- 
change diagrams, which are non-factorizable and 1/N C suppressed, are present for the decay 



modes B® s — > jD*° and B jD* d . 
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The purpose of this paper is to point out that the decay modes B® s — > jD* have almost 
zero contribution from the factorizable and the meson exchange mechanisms. However, these 
decay modes have significant contributions from soft gluon emision. Such non-factorizable 
(colour suppressed ~ l/^c) contributions to B — B mixing ja], B — > DD [2] and B — > Dr/' j^] 
decays are calculated in terms of the (lowest dimension) gluon condensate within a recenth 
developed heavy light chiral quark model (HLxQM) which is based on the HQEFT |5|. 
They have also been studied in the light sector for K — K mixing and K — > 27r decays 



We estimate the branching ratios for B® s — > 7.D* in the heavy b- and c-quark limits. Note 



that the decay modes B^ s — ► 7D* and B® s — > j D*° proceed differently. In the last case 
there are substantial meson exchange contributions. 

In the next section (II) we present the weak four quark Lagrangian and its factorizable 
and non-factorizable matrix elements. In section III we present the framework of HQEFT 
and HL^PT, and in section IV we calculate the non-factorizable matrix elements due to soft 
gluons expressed through the (model dependent) quark condensate. In section V we give 
the results and conclusion. 



II. THE WEAK QUARK LAGRANGIAN AND ITS MATRIX ELEMENTS 

Based on the electroweak and quantum chromodynamical interactions, one constructs an 
effective non-leptonic Lagrangian at quark level in the standard way: 

C w = Y t C i {n)Q i (»), (1) 

i 

where all information of the short distance (SD) loop effects above a renormalization scale 
\i is contained in the Wilson coefficients Cj. In our case there are four relevant operators 

Qi = 4(q L l a h) {c Lla u L ) , Q 2 = 4 (c Ll a b L ) (q L l*u L ) , (2) 

Qs = ^lI^l) (u L laC L ) , Qi = 4 (ulI^l) (q L laC L ) , (3) 

for q — d,s. This effective Lagrangian is based on the interactions in Fig. ^and hard gluon 
corrections to these diagrams. Operators from penguin diagrams may also contribute, but 
have small Wilson coefficients. The coefficients and have different KM structures. 
We may write 

a = -%(k 6 v; 9 H ; q = -%(K 6 K>; , (4) 
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FIG. 1: Tree level W-exchange leading to the effective Lagrangian in eq. The left diagram la) 
gives rise to Qip, and the right diagram lb) gives rise to Q3^- 

for i = 1,2 and j — 3,4 respectively. Here the "reduced" Wilson coefficients a; (for i = 
1,2,3,4) are dimensionless numbers. Furthermore, in terms of the Wolfenstein parameter 
A, we have V cb V* d ~ 0(A 2 ). For q = s the KM factors V cb V* s and V ub V* are both ~ C(A 3 ), 
while V ub V* d ~ C(A 4 ). At the scale /i = My^, when perturbative QCD is switched off, one 
has 01 , 3 = and o,, 4 = 1. At the scale „ = m b , a u ~ 10- and negative, and a v are 
still ~ 1 [12j. (In practice, cq = 03 and ) Extrapolating the Wilson coefficients 

(naively) down to /i ~ A x ~ 1 GeV, which is the matching scale between short and long 
distance effects within our framework , we obtain 024 — 1.17 and cq 3 ~ —0.37 |2l|. 

Alternatively, one might perform perturbative QCD within HQEFT as done in ^| and used 
in [3] for B — > DD, but numerical differences will be small. 
One may also think of operators like 

eF^(q Ll % L ) (c Ll u u L ) , eF^(q L a aP F a ^b L ) (c Llu u L ) . (5) 



However, such operators are of dimension eight, and dominated at low momenta which make 
a short distance treatment dubious. 

In the factorized limit (-no strong interactions between the two quark currents) we obtain 
the amplitude for B® — > 7D* obtained from (0) and ©: 

(yD*°\£ w \W q ) F = 4 (Ci + ^r) (( J D*°|cl7^|0)(7|gZ7AI^ T ) 

+ {yD"\wrU L \0)(0\Wlvb L \W)), (6) 



where the subscript F means "factorized" . For B® — > 7 D*° we obtain the same expression 
with Ci 2 replaced by C 3 4 and with c and u interchanged. Thus, the neutral decays have 
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FIG. 2: Factorized contributions for B — > jD*. The combined dashed and full lines represent 
heavy mesons, the double lines represent heavy quarks, and the single lines light quarks The wavy 
line is a photon, a) Emision of photon from S-meson. b) Emision of photon from D-meson 

negligible factorized contributions proportional to a n f = (ai i3 + a 2i 4/iV c ), which is of order 
lCT 2 . 

For the charged case B~ — * 7 D*~ we obtain: 

(CtD^-\C w \B-) F = 4 + ({Dl-\qEl»c L \V)(l\—LlMB-) 

+ {Dl-^q-Ll^^ul^MB-) ) • (7) 

Thus the charged decays have substantial factorizable contributions proportional to a/ = 

(a 4 + a 3 /N c ) ~ 1. 

In order to study non-factorizable contributions at quark level, we use the following 
relation between the generators of SU(3) C (i,j,l,n are colour indices running from 1 to 3): 

SiAn = ^JiJlj + 2 C t% , (8) 

where a is the color octet index. Then the operators Qi,2 may, by means of a Fierz trans- 
formation, be written in the following way : 

Ql,3 = ^2,4 + 2g 2 , 4 , Q 2 ,4 = ^-Ql,3 + 2Ql, 3 , (9) 

where the operators with the "tilde" contain colour matrices: 

Qi = 4(q L l a t a b L ) (c L lat a u L ) , Q 2 = A (c Ll a t a b L ) (q Lla t a u L ) . (10) 
Q3 = 4(q L l a t a b L ) (u L lat a c L ) , Q 4 = 4 (u Ll a t a b L ) (q L lat a c L ) . (11) 

To obtain physical amplitudes, one has to calculate the hadronic matrix elements of the 
quark operators Qi and Qi within some framework describing long distance (LD) effects. 
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FIG. 3: Non-factorizable contributions to B — > from the coloured operators Qi within a quashi- 
factorizable approximation. The curly lines represent soft gluon emision ending in vacuum to make 
a gluon condensate, a) With additional photon emision from the 5-meson. b) With additional 
photon emision from D-meson 

The non-factorizable amplitude for — > 7-D* , with one gluon emision obtained from 
the coloured operators in (jlUJ) and (|TT|) might be written in a quashi factorizable way interms 
of octet gluonic intermediate state: 

( 7 £>* I C w \Bl) NFG = 8C 2 ('yir \Q 1 \Bl) 

= 8C 2 (( J D* |cl7^ a «L|G)(G 7 |gZ7^L|50) 

+ ( 7j D*°|cZ7^|G)(G|gZ7^L|^)) , (12) 

This amplitude is visualized later in figure El and may be calculated within the HL^QM. 
The non-factorizable amplitude for B® — > 7 D*° with one gluon emision obtained from the 
coloured operators is the same as above with C2 — > C4 and with u and c-quarks interchanged. 
The non-factorizable amplitude for B~ — > 7 D*~ with gluon emision from the coloured 
operators is proportional to C3 and therefore relatively small. 

We observe the following generic pattern: Some decay modes have substantial factorizable 
contributions proportional to the favorable Wilson coefficient linear combination a/ = (^2,4+ 
ai t3 /N c ), which is close to one. In this case there are contributions from the coloured 
operators Q\$ proportional to 2a 13 of moderate importance. For other modes there might 
be factorizable matrix elements proportional to the non-favorable coefficient a n f = (0,^3 + 
a 2,i/N c ) which is close to zero (of order 10~ 2 or smaller) at our matching scale \i = A x . 
In these cases there are substantial contributions proportional to 2a 2j 4 from the coloured 
operators Qi,3- 

In terms of the 5-meson field $, the D*-meson field V^, and the electromagnetic field ten- 
sor F^ u , we can write down the effective Lagrangian to first order in the photon momentum, 
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consistent with the heavy quark limits: 

C eff = A^ie^F^Vvl + AH §F^V»vl , (13) 

where the positive and negative parity amplitudes A^> depend on hadronic parameters, and 
the meson masses Mb,d- 

III. THEORETICAL FRAMEWORK FOR THE HEAVY QUARK LIMITS 

Our calculations will be based on HQEFT 5], which is a systematic I/tuq expansion in 
the heavy quark mass rng. The heavy quark fields Q(= b,cc) are replaced with a "reduced" 
field for a heavy quark, and Qi for a heavy antiquark (in the case c). The Lagrangian 
for heavy quarks is: 

Chqeft = ±Q ( v t) iv ■ D Q(±) + 0{m- Q v ) , (14) 

where v is the velocity of the heavy quark, and is the covariant derivative containing the 
gluon and the photon fields. In |2j the 1/ttiq corrections were calculated for B — B -mixing. 
In this paper these will not be considered. 

Integrating out the heavy and light quarks, the effective Lagrangian up to 0(m^) can 
be written as 



£ = T Tr \H™iv ■ L> 6o # 6 (±) ] - g A Tr ^H&H^j^A^] + (15) 

where the ellipses denote terms not relevant in this paper. The indices a,b = 1, 2, 3 are indices 
corresponding to the quark flavours u, d, s and is the heavy meson field containing a 

spin zero and spin one boson and A^ is an axial field: 

= P ± (P%V - iP^ls) ; A, = - - ^t) , (16) 

where P± are projecting operators P± = (1 ± 7 • v)/2, and v is the velocity of the heavy 
quark, here £ = exp(iU/f) , where / is the bare pion coupling, and II is a 3 by 3 matrix 
which contains the Goldstone bosons it, K, rj in the standard way. The axial chiral coupling 
is g A ~ 0.6. Eqs. (|15|) and (|16|) are used for the chiral loop contributions within HLxPT. 
The covariant derivative is given by iD^ a = iS^d^ — eQ^ A^ , where = £Q^R + ^Q£L 
and A^ is the photon field. 
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The simplest way to calculate the matrix element of four quark operators like Q1-4 in 
eq. JIJ is by inserting vacuum states between the two currents, as indicated in section II. 
This vacuum insertion approach (VSA) corresponds to bosonizing the two currents in Q1-4 
separately and multiply them, i.e. the factorized case. Based on the symmetry of HQEFT, 
the bosonized current for decay of the bq system is Ilfll|: 

Wl"Qt ] — ^Tr[^ a LH^] , (17) 

where is a heavy 6-quark field, v = v b is its velocity, and H^' is the corresponding 
heavy meson field for B q . This bosonization has to be compared with the matrix elements 
defining the meson decay constants fii{H = B,D). Before QCD for scales fi < tuq and 
chiral loop corrections, one has an = fu V^h (see j^, 111)- For the P^-boson materializing 
to a D or D mesons, we obtain the bosonized current 

TLl a Q^ — ^Tr [^ a LH^] , (18) 

where v is the velocity of the heavy c or c quarks (v = v c or v = v 5 ), and ifjg is the 
corresponding field for the D q or D q meson. 

In order to calculate the matrix elements of the quark operators in beyond the fac- 
torizable limit, we will use a model which incorporates emission of soft gluons modele d bs 
a gluon condensate. This will be performed within the HLxQM recently developed in 
See also jl^l (l5^. The Lagrangian for the HL^QM is 



d by 



^HLxQM — ^HQEFT + £ x qm + Ant • (19) 

The first term is given in equation (pPfj) . The light quark sector is described by the Chiral 
Quark Model (xQM), having a standard QCD term and a term describing interactions 
between quarks and (Goldstone) mesons: 

^xQM = X tfiiD? + 75 AO - m] x + - , (20) 

where the ellipses denote terms which are irrelevant here. Here m is the SU(3) invari- 
ant constituent light quark mass, and x is the flavour rotated quark fields given by 
Xl = £}qi , Xr — £<?-R; where q T = (u,d,s) are the light quark fields. The left- and 
right-handed projections q^ and q^ are transforming after SU(3)l and SU (3)r respectively. 
In PU|) we have discarded terms involving the light current quark mass which is irrelevant 
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in the present paper. The covariant derivative in ()20|) is given as in (|15|) and con- 
tains in addition the soft gluon field forming the gluon condensates. The gluon condensate 
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3,0 



contributions are calculated by Feynman diagram techniques as in 

m 

The interaction between heavy meson fields and heavy quarks are described by the fol- 
lowing Lagrangian lfl| : 



C 



Int 



-G 



H 



(21) 



where Gp is a coupling constant satisfying G\ = 2mp/ f%, p being a hadronic parameter of 
order one. In it was shown how (JT5j) could be obtained from the HLxQM. Performing 
this bosonization of the HLxQM, one encounters divergent loop integrals which will in 
general be quadratic-, linear- and logarithmic divergent 10(. Also, as in the light sector [ll| 
the quadratic and logarithmic integrals are related to the quark condensate and the gluon 
condensate respectively. 

To calculate the factorizable contributions in (jUJ) and (JJJ) corresponding to Fig. El within 
our framework, we need the bosonized currents in (fT7|) and (|18|). and in addition the 
bosonized currents involving an emision of a photon from the B- or the .D-meson. For 
photon emission from the 5-meson we have (for v = Vf,) 



[WTQ 



(+) 

bv 



G H e 
32tt 



F^Tr 



?i*LHg>Qt(<T 



tiv 



J 7T 

m 2 N r 



(22) 



where F is the electromagnetic tensor and = + £'Q£)/2- For emision from the 

.D-meson there is a similar expression. 

Bosonizing currents with one gluon emision from a coloured current operator, for instance 
to be used in the left part in Fig. 01 b) one obtains: 



/ — — j.a _ a /■")(+) 



[qZt a l a Q 



bv 



G 



64vr ^ 



$<fLH x 



(+) 

bq 



a 



fJtU 



Ml 

m 2 N f 



(23) 



where G* v is the octet gluon tensor, and represents the heavy 5 g -meson fields. Similarly 
the (heavy) D- and D-mesons are represented by H[ +S} and corresponding to a heavy 
quark field and heavy anti-quark field Q v ~^ respectively. v c and v = v 5 are the velocities 
of the c and c quarks, respectively. The symbol { , } denotes the anti-commutator. 
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FIG. 4: Pole contributions to B — > 7D present for charged mesons. The combined full and dashed 
lines are the heavy mesons, and the wavy lines represent photons. 



For one gluon and one photon emision from the .B^-meson appearing in left part in 
Fig. El a) one obtains: 

(Wt a l a Q^) Gl — G H g s eF, u Gl p Tr[e^LH^R^ 

where the tensor R contains products of Dirac matrices and propagators (with momentum 
integrated out). Multiplying the currents for each vertex, for instance those in eqs. (}23|) and 
((211), an d using the prescription: 



a 1 

QsG^G^ - ^ 2 (-^G 2 )-(g, a g uP - g^g vrx ) , (24) 



we obtain the bosonized version for the operator Qi in eqs. ffTU|) and (fTTj) as the product 
of two traces. (The expression may be simplified by using the Dirac algebra, but we do not 
enter these details here). 



IV. AMPLITUDES FOR B -> 7 D* 

We restrict ourselves to processes where the 6-quark decays, namely the charged modes 
B~ — > jD*~ and the neutral modes B® —>■ jD* , and B® — > 7-D* , for q — d,s. Processes 
where the anti-6 quark decays proceed analogously. 

Considering simple quark diagrams only, we observe that in terms of the Wolfenstein 
parameter A, the amplitudes for B~ — > 7-D^p and B® — > 7D* are 0(X 4 ) and small. In 
contrast, the amplitude for B® — > jD*° is 0(X 2 ), and is KM non-suppressed compared to 
other b — > '-/D* modes.. For q = s, all the amplitudes are 0(X 3 ). We will however see that 
strong interactions might make this simple picture more complicated. 

For the charged decay(s) there are pole diagrams, which are absent for the neutral decays. 
These are (within HQEFT) obtained by the bosonized currents in ()17|) and (fTHj) and the 
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FIG. 5: Meson exchange diagrams. The combined full and dashed lines are the heavy mesons, and 
the single dashed lines represent light pseudoscalar mesons. 

photon emission is obtained from (|15j). Here the B~ — > D*~ d transitions are proportional to 
the favorable coefficient a/ = (02,4 + 0,1,3/ N c ) ~ 1) while the non-factorizable contributions 
proportional to 2a\^ due to coloured operators are relatively small. 

There are some meson exchange decay mechanism contributions. In the heavy quark limit 
these are identical with chiral loop contributions. These are shown in Fig. El For the process 
B~ — > 7-D*rf there is an intermediate B d — > D*° transition accompanied with emission and 
re-absorpsion of 7r~, or an intermediate 5° — > D*° transition accompanied with emission 
and re-absorpsion of K~ . For the process B® — > 7Z)* there is an intermediate B~ — > D*~ d 
transition accompanied with emission and re-absorpsion of 7r + . For B® — > 7.D* there is an 
intermediate B~ — > D*~ transition accompanied with emission and re-absorpsion of K + . 
Because the transitions B~ — > are non-suppressed in the factorized limit, the decays 
Bj s ^ 7Z}* is semi-suppressed, having meson exchange amplitudes reducing to chiral loops 
in the HQEFT limits. In this limit the meson exchange amplitudes are proportional to 

*<"> = (® < 25 > 

for exchange of M = K, tt respectively. Here g& is the light (M = K, 7r) meson axial coupling 
to heavy mesons and A x ~ 1 GeV. Numerically, x(K) — 0-09 an d xi 71 ) — 0.02, respectively. 
For the processes B ds — > jD* there are only Zweig-forbidden and SU(3)f violating neutral 
meson exchange which give small contributions. 

For the processes B® s — > 7.D* the amplitudes A^> are of the form 

4"' = < ^) («f Z b ' + «f Z o ] ) • (26) 

where and are the charges of the light quarks within the B and D mesons, respec- 
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tively. For the processes B^ s — > ^D* we have = — 1/3 and = 2/3. The quantities 

Z (±) 

are of order one and given by 

„t + \ ,897r 13., . 7tt 5., o .11 137T., .2 n . 

Z£> = )kujy + ( + — )ku 2 + ( )k + ( , 27 

B v 288 18 ; y V 144 18 ; V 18 96 ; V 3 18 ; V ' 

4 +) = -(— + -)kuy + (-- ^)k - ( * + 7 } +(4^ + 23) (29) 
D v 288 36 ; y V 36 288 ; V 64 72 ; y v 576 72 ; ' v ' 

*' = -(i + > + (§-i5^ + 5 fa * + (5-^' (30) 

where the dimensionsless parameters A;, a;, and y are given by 

, 2tt£ M|+M| M B 

iVcm 2 IMbMd Mb 

where we for have used the mass of D*. Using m = 230 MeV, p = 1.1, and (^-G 2 ) 1 ^— 

310 MeV, we obtain H 

£#(5° -> 7£>*°) ~ 1.6 x 10~ 6 , and BR{B® -> 7 £>* ) ~ 8 x 10~ 8 . (32) 



For the decays B^ s — > 7.D* , there is a delicate balance between different amplitudes, 
and it is hard to conclude anything within our framework. The decays _B~ — > 7-D^s' the 
factorizable contributions dominate, and the amplitudes obtained from the diagrams in 
FIG. 2 alone are 

4 ±} = - (C, + C 3 /iV c ) , (33) 

167T 

where 

F« = Qf +Qf + (34) 

which within our framework is roughly four times the pole contribution. For the parity 
violating case, one has 

y(-) = -Qf (1 + 2k) + (1 + kuoy) . (35) 

To obtain a parity violating pole term, the intermediate heavy meson(s) must have posi- 
tive parity. We find that B~ — > 7-D^" has a branching ratio of order 2 x 10~ 7 within our 
framework.. 
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Process 


Pole 


Factorized 


Soft gluon 


Meson exchange 




at A 4 


a f A 4 


2a 3 A 4 


On/ a 4 


b- -» 7 d*- 


a f A 3 


af A 3 


2a 3 A 3 


a n / A 3 x{K~) 


5° -» 7 D*° 




On/ A 4 


2a 4 A 4 


a f A 4 x(tt + ) 


5° -» 7 L>*° 




a n f A 3 


2a 4 A 3 


a f A 3 


5° -» 7 L>*° 




a n / A 2 


2a 2 A 2 


Zweig-forb. 


5° -» 7 L>*° 




On/ A 3 


2a 2 A 3 


Zweig-forb. 



TABLE I: An overview of contributions to processes of the type B — » 7 D* 

V. CONCLUSION 

We have considered six decay modes of the type B — > 7-D generated by three (main) 
mechanisms: 

• a) Factorized contributions of pole and non-pole type. These might be proportional to 
the favorable Wilson coefficient combination aj ~ 1, or the non-favorable coefficient 
combination a n f of order 10~ 2 . 

• b) Meson exchanges, that is, some intermediate B —>■ D transition accompanied with 
an emission and re-absorption of a pseodoscalar boson(7r or K). 

• c) Emission of soft gluons,- modelled by a gluon condensate. In the HQEFT limits, 
the mechanisms b) and c) are (formally) 1/N C suppressed. If the corresponding factor- 
izable amplitude is proportional to the favorable coefficient a/, this mechanism gives 
a non-important contribution ~ 01,3. On the other hand, if the factorizable contri- 
bution is proportional to the non-favorable coefficient a n f, the non-factorizable soft 
emision amplitude contribution is proportional to the favorable coefficient 202,4, and 
gives a significant contribution. Contributions to the various B — > / -/D* modes are 
qualitatively summarized in Table I. 

The present analysis is performed within HQEFT, both for the b- and the c-quark. For- 
mally, the modes B — > jD* are "heavy to heavy" , but for precise estimates our framework is 
unrealistic 0] because the energy gap between the b- and the c-quark are significantly bigger 
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than 1 Gev, which is the scale of HL%PT and the HL%QM. Therefore large I/tuq correc- 
tions (especially l/m c corrections) must be expected. Phrased in another way,- damping 
form factors are expected to be present, and most probably, our estimates are overestimates. 
Alternative estimates, based on other frameworks, for instance considering the charm quark 
as "light", should be performed. Still, we expect that we have obtained amplitudes of 
the right order of magnitude, while the branching rations might be an order of magnitude 
off. Still, our conclusion about the importance of the non-factorizable gluon emision for 

B<r _^ lD *o should hold 
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